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CdSe Nanowires Grown by Using Chemical Bath Deposition

H. Metin gubur∗

Department of Physics, Mersin University, TR-33343 Yenisehir,
Mersin, Turkey Advanced Technology Research & Application Center,

Mersin University, TR-33343 Yenisehir, Mersin, Turkey

F. Septekin

Advanced Technology Research & Application Center,
Mersin University, TR-33343 Yenisehir, Mersin, Turkey

S. Alpdogan

Department of Physics, Mersin University, TR-33343 Yenisehir, Mersin, Turkey

(Received 17 August 2015)

The Cadmium-selenide (CdSe) nanowire thin films were prepared on glass substrates by using
chemical bath deposition (CBD) at 70 ◦C. Cadmium sulfate and sodium selenosulphate were used as
Cd2+ and Se2− ion sources, respectively. The CdSe nanowire film was annealed in an air atmosphere
at 573 K for 1 hour. X-ray diffraction (XRD) results showed that the nanowire films as-deposited
and annealed had mixed cubic and hexagonal phase. Scanning electron microscopy (SEM) indicated
that the CdSe nanowires had lengths ranging from 642 nm to 2.5 μm and diameters ranging from 46
nm to 211 nm. The optical properties of the as-deposited and the annealed nanowire films, an inves-
tigated by recording the transmission spectra by using an UV-visible spectrophotometer revealed
that the energy band gap decreased (from 1.78 eV to 1.50 eV) upon annealing. The conductivity
measurements made by using four-probe methods for both the annealed and the as-deposited films
showed that the resistivity, conductivity and activation energy changed upon annealing.

PACS numbers: 73.20.-r, 73.61.Ga, 73.61.-r
Keywords: CdSe, Nanowire, CBD, Structural, optical and electrical properties
DOI: 10.3938/jkps.67.1222

I. INTRODUCTION

Nanoscaled semiconductors, which are used in elec-
tronic, optical, photovoltaic and biological devices, have
been studied by many researchers for several years. Also,
recently, one-dimensional semiconductor nanowires were
widely examined for their optical and electronic proper-
ties due to their convenient length and structure [1–10].
Thanks to these features, nanowires are easily used in
nanostructure optical and electronic devices such as so-
lar cells [11–16], lasers [17–20], transistors [21–23], light-
emitting diodes [24–27] and photodetectors [28,29]. For
example, cadmium selenide (CdSe) has a direct band
gap 1.70 eV, an important nanostructure semiconduc-
tor II-VI group compounds in the periodic table. CdSe
nanowires are of great importance because they have a
blue-shift in the photoluminescence and very settable
luminescence properties corresponding to the quantum
confinement effect [30]. Several research groups have
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grown Nanocrystalline CdSe by using many physical and
chemical methods: molecular beam epitaxy [31], elec-
trodeposition [9,32], spray pyrolysis [33], chemical vapor
deposition [34, 35], metal organic chemical vapor depo-
sition [36], successive ionic layer adsorption and reac-
tion method (SILAR) [37], and chemical bath deposition
(CBD) [38–40]. Among these techniques, the chemical
bath deposition technique is known to be simple and in-
expensive because the equipment used for this technique
is easily available in many research laboratories. How-
ever, parameters such as the solutions concentration, the
solution’s pH and the storage temperature are very im-
portant in terms of a film quality during the fabrication
of CdSe. In this regard, quality semiconductor nanowire
thin films with wide surfaces can be produced by us-
ing the chemical bath deposition because that method
provides control of those parameters. In the present re-
search, the structural, optical and electrical properties of
CdSe nanowire thin films grown by using chemical bath
deposition at 70 ◦C were studied.
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II. EXPERIMENTS

The CdSe nanowire thin films were deposited on
glass substrates by using chemical bath deposition at
70 ◦C. The chemical bath prepared for the deposition
of the CdSe nanowire thin films contained sodium sul-
fite, sodium selenosulfate, cadmium nitrate, triethanno-
lamine (TEA), ammonia solution, and deionized water.
The experimental details (substrate cleaning and the
method of deposition) are discussed in our previous pub-
lication [40]. In this study, the stock solution and the
thickness were different from there in our previous stud-
ies, and the solution for this research was prepared as
0.225 M. Also, the thickness of the films was found to be
1.20 μm. We fabricated two films: the as-deposited film
and the annealed film in air at 573 K.

The structural studies were carried out by using a
Bruker AXS Advance D8 diffractometer with the help
of EVA and Win index software in the range of diffrac-
tion angles 20◦ ≤ 2θ ≤ 70◦ in steps of 0.02◦ at 40 kV and
30 mA with CuK 1 radiation (λ = 1.5406 Å). The surface
morphology of the CdSe nanowires was scanned at var-
ious magnifications by using a Zeiss-Supra 55 scanning
electron microscope equipped with an energy dispersive
X-ray (EDX) spectrometer and a computer-controlled
image analyzer. The optical transmission spectra and
the thicknesses of the CdSe nanowires were recorded by
using Shimadzu UV-1700 and Analytic Jena-Specord 210
Plus UV-visible spectrophotometer in the wavelength
range of 190 − 1100 nm at room temperature. The
four-point probe technique was used to measure the tem-
perature dependence of the electrical resistivity of the
films. The particulars of the experimental setup are
given Ref. [40].

III. RESULTS AND DISCUSSION

1. Structural Properties

The X-ray diffraction (XRD) patterns of the as-
deposited CdSe nanowire and of the CdSe nanowire an-
nealed at 573 K are shown in Fig. 1 and Fig. 2, re-
spectively. By using the standard phase of the “d”
for the CdSe nanowires, which are given by cubic (C)
(PDF Card No: 077-7287, PDF Card No: 088-2346)
and hexagonal (H) (PDF Card No: 075-5680, PDF Card
No: 002-0330, PDF Card No: 001-1175, PDF Card No:
005-0674), the plane indices of the observed “d” are ob-
tained. The standard “d” values are in good agreement
with the observed “d” values for the cubic and hexagonal
structure of CdSe. The nanowire films as-deposited and
annealed were found to have mixed cubic and hexago-
nal phase. The diffraction peaks observed in films as-
deposited and annealed at 573 K one significantly dif-
ferent; for instance, while the intensity of the reflection

Fig. 1. X-ray diffraction pattern of the as-deposited CdSe
nanowires.

Fig. 2. X-ray diffraction pattern of the CdSe nanowires
annealed at 573 K in air.

peaks of the Cd crystal increased with increasing anneal-
ing temperature, the intensity of the reflection peaks of
the Se crystal was decreased with annealing tempera-
ture. Therefore, we can say that the amount of selenium
decreased with increasing annealing temperature.

The crystallite size of the CdSe nanowires was calcu-
lated from the full width at half maximum (FWHM) of
the (200) peak for the cubic phase by using the Debye-
Scherrer formula [40]. The dislocation densities (δ =
n/D2

hkl), the number of crystallites /unit area (N =
d/D3

hkl), and the strains (ε = β cos θ/4) in the CdSe
nanowire films were obtained by using the relevant equa-
tions and are given in Table 1. While the crystallite size
of the nanowire films increased with increasing anneal-
ing temperature, the dislocation densities, the number of
crystallites/unit area and the strains decreased.

The scanning electron microscopy (SEM) images of
the as-deposited and the annealed CdSe nanowires are
shown in Fig. 3. The SEM images of the as-deposited
and the annealed CdSe nanowires were examined at low
and high magnifications. At the low magnifications,
the top surface images and at the high magnifications,
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Table 1. FWHM, crystallite size, dislocation density, number of crystallites/unit area, and strain for the as-deposited and
the annealed CdSe nanowires.

Annealing
FWHM

Crystallites Dislocation Number of
Strain

temperature
β (rad)

size density crystallites/unit area
(10−3)

(K) (nm) (1015 lines m−2) (1017 m−2)

As-deposited 0.0084 17.26 3.35 2.33 2.016

573 0.0062 23.46 1.82 0.93 1.476

Fig. 3. SEM images of the as-deposited and the annealed
CdSe nanowires: (a) and (c) 5.00 KX magnification of the
top surfaces and (b) and (d) 50.00 KX magnification of the
cross-sectional surfaces.

the cross-sectional surface images of the as-deposited
and the CdSe thin films annealed in air at 573 K are
shown in Figs. 3(a)−(c) and Figs. 3(b)−(d), respectively.
The surface morphology of the CdSe was found to be
CdSe nanowires. The top surface images of the CdSe
nanowires in Figs 3(a)−(c) were well-covered, uniform
and homogeneous, without cracks and voids on the sur-
face of the substrate. Figures 3(b)−(d), cross-sectional
surface images, showed that the nanowires had elongated
rod shapes and a uniform diameter. The CdSe nanowires
can also be seen to have lengths ranging from 642 nm
to 2.5 μm and diameters ranging from 46 nm to 211
nm. When the annealing temperature was increased, the
range of diameters for the CdSe nanowires; for example,
while the diameters of the as-deposited CdSe nanowires
ranged from 82 nm to 211 nm, those of the annealed
CdSe nanowires ranged from 46 nm to 142 nm. Also,
Figs. 3(b)−(d) shown that the structure of the annealed
CdSe nanowires was more regular than that of the as-
deposited CdSe nanowires. Further, CdSe nanowires are

Fig. 4. Optical transmission spectrum of the as-deposited
CdSe nanowires. The α2 versus photon energy curve is given
inset.

known to have tapered ends, so they are very efficient
at capturing light. Additionally, as the number of CdSe
nanowires per surface area is large than it is far other
structures, these CdSe nanowires can significantly con-
tribute to the surface energy.

2. Optical Properties

Figures 4 and 5 show the transmission spectra (range
400 nm to 1100 nm) of the as-deposited and the annealed
CdSe nanowires. The equations used for the calculation
of the thicknesses and the absorption coefficients (α) of
the films are discussed in our previous publication [40].
The CdSe nanowires had an absorption edge at approx-
imately 700 nm, which is attributed to the band gap of
CdSe, and the CdSe nanowires have a direct optical band
gap. The α2 versus photon energy curves for these films
are given as insets in Figs. 4 and 5. The optical band gap
energy (Eg) is known to be the value of the energy for α2

= 0. The optical band gap energies of the as-deposited
and the annealed CdSe nanowires decreased from 1.77
eV to 1.50 eV with increasing annealing temperature.
The Eg of the as-deposited film (1.77 eV) is very close
to that of bulk CdSe (1.75 eV). This result shows a blue
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Table 2. Activation energies and resistivities of the as-deposited and the annealed CdSe nanowires.

Annealing
Activation Activation

Resistivity Resistivity

temperature
energy energy

ρ (Ω-cm) ρ (Ω-cm)

(K)
Ea (eV) Ea (eV)

320 K 623 K
LT HT

As-deposited 0.22 0.55 2.92 × 107 1.37 × 105

573 0.17 0.52 3.98 × 107 1.40 × 104

Fig. 5. Optical transmission spectrum of CdSe nanowires
annealed at 573 K in air. The α2 versus photon energy curve
is given inset.

shift from the energy band gap of 1.75 because of the
quantum confinement effect in nanostructure materials
[41].

3. Electrical Properties

The transport phenomenon can be explained by the
electrical conductivity, and the electrical properties of
nanocrystalline semiconductors are considerable for the
conduction mechanism [42–44]. Nanocrystalline materi-
als have large grain boundaries and small grain sizes, so
the electronic states around the Fermi levels are local-
ized. The conduction mechanism appears to be due to a
bouncing of carriers between occupied and empty local-
ized states which is based on the position of the Fermi
level and the state density when the electronic states are
localized [44–46]. The conductivity measurement shows
that the thin films have an electrical resistivity on the
order of 106 Ω-cm at room temperature.

Variations in the electrical conductivity of these films
with temperature were determined by using the four-
point probe technique. The details of this technique are
discussed in our previous publication [40]. In Fig. 6, the
temperature-dependent conductivity results for the films

Fig. 6. Temperature dependences of the electrical conduc-
tivity for the as-deposited and the annealed CdSe nanowires.

are given. The figure shows that two distinct conduc-
tivity curve shapes exist. As discussed in our previous
publication [40], the conductivity of the films increases
exponentially with increasing temperature, which shows
a typical semiconductor behavior.

The activation energy of the CdSe nanowires was de-
termined by using the relation σ = σ0 exp(−Ea/kBT ),
where σ is the conductivity of the films, σ0 is the pre-
exponential factor, T is the temperature, kB is the Boltz-
mann constant and Ea is the activation energy [39]. In
two different temperature regions, a high-temperature
region (HT) (450 K ≤ T ≤ 650 K) and a low temperature
region (LT) (300 K ≤ T ≤ 450 K), the activation energy
values for both films were calculated. The activation en-
ergy decreased with increasing annealing temperature in
the low- and high-temperature regions, as given in Ta-
ble 2. These results indicate that less energy is required
for the annealed films to begin an electrical transport
mechanism than is required for the as-deposited films.

The results in Fig. 6 are interesting in that the an-
nealed CdSe nanowire demonstrates semiconducting fea-
tures earlier than the as-deposited CdSe nanowire. Thus,
the annealed CdSe nanowire is a good semiconductor for
use in semiconducting devices.
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IV. CONCLUSION

In this study, CdSe nanowire thin films were prepared
by using CBD at 70 ◦C. The structural measurements
through XRD analysis demonstrated that the texture of
the as-deposited and the annealed CdSe nanowire thin
films had mixed cubic and hexagonal phases. The crys-
tallites grew with increasing annealing temperature. Ac-
cordingly, the dislocation densities due to defects in the
crystal, the number of crystallites/unit area, and the
strains decreased. By investigating the SEM images, we
found that the semiconductor CdSe nanowire thin films
displayed the nanowire structures and that the CdSe
nanowire thin films had lengths ranging from 642 nm
to 2.5 μm and diameters ranging from 46 nm to 142
nm. The electrical properties of the CdSe nanowire thin
films were presented, and the annealed CdSe nanowire
was found to have a lower activation energy and to show
a better thermal conduction mechanism at greater tem-
perature than the as-deposited CdSe nanowire. Finally,
considering all of these results, we can conclude that the
CdSe nanowire thin films have good electrical conductiv-
ity, as well as good optical and crystal quality; therefore,
the CdSe nanowire thin films can be used for electronic
and solar-cell applications.
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